Aim: To evaluate the increase of pharyngeal airway space (PAS) in patients undergoing mandibular advancement. Methods: A retrospective cross-sectional study was performed in thirteen patients who underwent mandibular advancement and were evaluated by cephalometric tracing in pre and postoperative lateral radiographs. In cephalometric tracing, the PAS was assessed by measuring the distance from the lower portion of the soft palate to the posterior pharyngeal wall (UP-PHW) and from the tongue base to the posterior pharyngeal wall (TB-PHW). Results: Patients' age ranged from 22 to 42 years with an average of 28.54 ± 2.23 years. A preoperative mean of 9.20 ± 4.56 mm in the UP-PHW measure and 10.53 ± 5.84 mm in the TB-PHW measure were obtained. The mean values found for those measurements in the postoperative period were 11.61 mm and 13.95 mm, respectively. There was an average increase of 2.4 mm in the UP-PHW and of 2.95 mm in the TB-PHW. The mean mandibular advancement in evaluated patients was 5 mm. There was no statistical correlation between PAS increase and the amount of mandibular advancement for UP-PHW (p=0.058) and TB-PHW (p=0.53), as there was no such correlation either between PAS increase and the age of patients for UP-PHW (p=0.16) and TB-PHW (p=0.26). A greater effect of the retrolingual dimension in mandibular advancement was observed, with an average increase of 24.52% while in the retropalatal dimension an average increase of 20.75% was obtained. Conclusions: Surgical advancement of the mandible increases the size of the pharyngeal airway space.
Introduction
Orthognathic surgery is one of the most used procedures for treatment and correction of dentofacial deformities. Changes in facial skeleton produced by the surgery affect the bones of the facial skeleton and their relationship with soft tissues. An aspect to be considered is the impact of the skeleton movement on the pharyngeal airspace (PAS) of patients undergoing orthognathic surgery [1] [2] . In this context, it is observed that the movement of the facial skeleton produces changes in the tension of the soft tissues and muscles inserted in the jaw. Soft palate, tongue, hyoid bone and associated musculature are directly or indirectly inserted in the jaw, therefore movements in those structures induce alterations in the oral and nasal cavity and on the PAS [1] [2] [3] [4] [5] . Studies 1, [4] [5] have been conducted to quantify the regular measurements of PAS, as well as the measurements in patients diagnosed with obstructive sleep apnea (OSA). Those studies are based on lateral cephalometric analysis 1, 6 and indicate that the most significant anatomic variation is the lower position of the hyoid bone and consequently the lower position of the tongue base in OSA patients [4] [5] 7 . Surgeries for mandibular advancement, bimaxillary advancement and counterclockwise rotation of the occlusal plane of the maxillomandibular complex promote the increase in PAS bringing improvements in the respiratory status of patients with OSA. Arikasa et al. 8 , in 2014, argue that orthognathic surgery increases airway space and improves OSA. Faria et al. 1 , in 2013, stated that mandibular advancement significantly provokes an advancement of the lingual and suprahyoid increasing the inter-maxillary space.
Mehra et al. 9 , in 2001, showed a 76% increase in the retrolingual and oropharyngeal air dimensions in relation to a certain amount of mandibular advancement. On the other hand, some studies [10] [11] [12] have reported that surgery for maxillomandibular advancement (7.5 mm mandibular advancement) with counterclockwise rotation (4.2º out of decrease in angulation of occlusal plane) increases 3.5 mm on the retropalatal region and 5.7 mm on the retrolingual region of the PAS. Given the potential for soft tissue adaptation and post-surgical recurrence of skeletal parts, it is important to know whether the changes produced by surgery in PAS will remain stable over time.
Yu et al. 13 conducted a retrospective study with data from 26 patients of orthognathic surgery in which there were 16 mandibular advancements and 10 maxillomandibular advancements. Preoperative radiographs, immediate postoperative and late postoperative (15 months) lateral radiographs were evaluated. The patients were divided into two groups: group 1 comprised patients with preoperative PAS measure greater than 11 mm, and group 2 those with preoperative PAS measure under 11 mm. Patients from group 1, who underwent mandible advancement surgery, showed a bigger change in the dimension of their airways with an average of 3.5 ± 3.2 mm aspect ratio of increased airway, and the mandibular advancement reached a 0.62:1 ratio in late postoperative period 13 . Such results are similar to those found by other authors. [10] [11] [12] Patients from group 2 reported minor changes, with a mean 0.9 ± 3.6 mm increase in PAS, measured in the late postoperative period, with a ratio between mandibular advancement and gain of airway dimension of approximately 0.19:1 13 . Within the aforementioned context, this study aims to quantify and correlate the changes of the PAS in patients undergoing orthognathic surgery for mandibular advancement in the Department of Oral and Maxillofacial Surgery of the Federal University of Paraná.
Material and methods

Sample selection
Records of 13 patients from the Department undergoing orthognathic surgery of mandibular advancement were selected in descending chronological order. In order to be part of the sample, the patient had to present mandibular retrognathia and to have undergone orthognathic surgery to advance the mandible with bilateral sagittal split osteotomy and stable internal fixation with plates and/or screws. The records should contain pre and postoperative lateral radiographs of the patients in the study. 
Inclusion criteria
Patients with mandibular retrognathia who underwent orthognathic surgery for mandibular advancement with bilateral sagittal split osteotomy and stable internal fixation with plates and/or screws. The records should contain pre and postoperative lateral radiographs of the patients included in this study.
Exclusion criteria
Patients who underwent orthognathic surgery for mandibular advancement with vertical osteotomy. Records that do not contain pre and postoperative lateral radiographs or contain low-quality radiographs leading to an erroneous diagnosis.
Data collection
A single researcher collected the data. In all the charts, data such as gender and age of the patient included in the study were evaluated. Data were tabulated in a sheet for frequency analysis. In addition, lateral radiographs from the medical records of the patients were evaluated (one week before surgery and three months after surgery).
The lateral radiographs were obtained by an Orthophos® radiological equipment model (Siemens AG, Berlin, Germany) in the Dental Radiology department of the Federal University of Paraná. All the radiographs were taken with the patient in constant head position with the Frankfurt plane parallel to the ground. The radiographic interpretation was performed in a dark room with an appropriate light box. The radiographs were evaluated by the performance of cephalometric tracing while outlining craniofacial structures and the cephalometric points of interest for the assessment of changes introduced by orthognathic surgery in PAS. The pre and postoperative radiographs were drawn three times with a one-week interval between measurements in order to reduce the memory bias. In order to evaluate the reliability of the obtained data, the intraclass correlation coefficient was calculated (CCI=0.977) demonstrating that the measurements were reliable for the research.
The cephalometric tracing was performed by outlining all the important craniofacial structures for the study. Then, we assessed the amount of mandibular advancement produced by measuring the distance between the pogonion point and the nasion perpendicular line in pre and postoperative radiographs.
Pharyngeal airspace in patients undergoing orthognathic surgery for mandibular advancement
The dimension of the PAS was evaluated by two lines parallel to the Frankfurt plane, one passing by the gonion (Go) while intersecting the base of the tongue and the posterior pharyngeal wall (PHW-TB), and another drawn from the lower portion of the soft palate to the posterior pharyngeal wall (UP-PHW) (Figure 1) . Afterwards, the anteroposterior dimension of the PAS from those lines on lateral radiographs was measured with a digital caliper (Vonder®, Curitiba, PR, Brazil).
Statistical analysis
Data were recorded on individual sheets and tabulated using Microsoft Excel 2007® software for Windows XP. Furthermore, correlations between variables were performed with statistical tests (SPSS for WINDOWS 15.0 -SPSS Inc., Chicago, IL, USA) with a confidence interval of 95%. 
Results
Thirteen patients, twelve female and one male were included in the survey.
Patients' age ranged from 22 to 42 years with an average of 28.54 ± 2.23 years. No statistically significant correlation was observed between the increase of PAS and the age of patients undergoing surgery for mandible advancement in UP-PHW (p = 0.16) and TB-PHW (p=0.26) measurements by the Pearson's correlation coefficient.
The values found for PAS to measure UP-PHW and TB-PHW, both pre and postoperatively, and the amount of mandibular advancement is shown in Table 1 . The PAS average for UP-PHW was 9.20 ± 4.56 mm and 11.61 ± 5.14 mm pre and postoperatively, respectively. In the preoperative period, the PAS average for TB-PHW was 10.53 ± 5.84 mm. The postoperative TB-PHW mean was 13.95 mm (11.97 -15.01). A greater effect in the retrolingual dimension was observed by mandibular advancement with an average of 24.52%, while an average increase of 20.75% was obtained in the retropalatal measure.
The mean mandibular advancement in patients undergoing surgery was 5 mm (4 -8). The average increase of the UP-PHW dimension was 2.4 ± 0.4 mm and for the TB-PHW measurement it was 2.95 ± 0.5 mm. There was no statistically significant correlation between mandibular advancement and PAS increase in both the UP-PHW (p=0.058) and TB-PHW (p=0.53) measurements by the Spearman correlation coefficient. The impact of surgical advancement of the mandible on the PAS is very variable and unpredictable, because patients with larger mandibular advancement do not always have the greatest impact on PAS. Gender, age, amount of advancement of the mandible and the difference in PAS for both measurements are shown in Table 2 .
Discussion
Dentofacial deformities are congenital or growth malformations during the development which may cause functional and aesthetic problems [2] [3] . Changes in the airways after orthognathic surgery have been the subject of great interest in recent years 1, 4, 8, 13 . Some studies have shown that repositioning of both the maxilla and mandible generate changes in pharyngeal airspace 10, 13 . Moreover, cases of respiratory disorders after mandibular setback have been reported related to narrowing of the pharyngeal airspace 1 . The PAS may become reduced under various conditions including obesity, hypertrophy of the tonsils, adenoids, macroglossia and decrease in the size of the jaws. A narrow PAS causes increased resistance to airflow accounting for possible respiratory disorders including obstructive sleep apnea and snoring 14 . The final study sample included twelve females and one male patient, which made it impossible to conduct any statistical test to compare the effects of mandible advancement surgery in different genders.
The average age of patients participating in the survey was 28.54 years; however, there was no statistically significant correlation between changes in PAS and the age at which patients underwent the procedure, probably due to the small amplitude of the age range of patients included in the study.
Rilley et al. 10 , in 1993, reported an increase of the PAS dimension with an average of 5 to 6 mm after maxillomandibular advancement surgery in a group of patients with obstructive sleep apnea. Mehra et al. 9 , in 2001, reported 76% increase in the retrolingual and oropharyngeal dimensions related to the amount of mandibular advancement, compared to other studies [10] [11] [12] which related an average increase of 42% to 51% in the same dimensions and to the current study that obtained an average increase of 20.75% in the retropalatal dimension (UP-PHW) and of 24.52% in the retrolingual dimension (TB-PHW).
Pharyngeal airspace in patients undergoing orthognathic surgery for mandibular advancement Table 2 . Table 2 . Table 2 . Table 2 . Table 2 . Pre and post operative mean difference of the UP-PHW/TB-PHW measurements and the amount of mandibular advancement according to gender. Pearson correlation coefficient between PAS increase and patients' age: UP-PHW (p=0.16) and TB-PHW (p=0.26)
The mean mandibular advancement in patients in the survey was 5 mm, resulting in a 2.40 mm average increase of the UP-PHW and of 2.95 mm in the TB-PHW. These results contrast with the findings of Yu et al. 13 , in 1994, which had an average increase in the PAS size of 3.5±3.2 mm in patients with a PAS preoperative measurement under 11 mm, and of 0.9±3.6 mm in patients with a PAS preoperative measure greater than 11 mm.
Changes in pharyngeal airway space after mandibular setback surgery are controversial since some studies show changes in the airways space dimension, but do not affect their capacity [15] [16] . In most studies 1, 6 PAS was measured by radiograph in lateral view in which the position of the head (craniofacial angulation) was not always constant. Additionally, the lateral radiographs show a two-dimensional aspect of the patient.
Mandibular advancement surgery has a greater impact on lower airways, whereas patients showed more changes in airways space 17 . This probably occurs because the tension of the suprahyoid muscles and other muscles inserted in the jaw causes a greater shift in the lower pharyngeal airway space. Furthermore, the inter-maxillary dimension increases and the tongue proportion decreases leading to an increase of the tongue space for its function, resulting in a more anterior position while extending the retroglossal airway.
According to the data, age presented no influence on the relationship between the amount of mandibular advancement and PAS changes. Moreover, skeletal alterations produced by mandibular advancement surgery have repercussions on PAS dimensions, particularly on the retrolingual dimension. However, it was not found significant association between the amount of mandibular advancement and the changes produced in the PAS, both for the retropalatal and for retrolingual measures.
